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In order to determine the need for updating, refining and/or ampli-
fying the near-earth environment as defined in NASA-TM 53521, reviews
of the present state of knowledge were conducted. These reviews were
documented in seven scientific reports and provide the basis for the
recommended changes to the criteria guidelines given in this final
report.
The purpose of this final report is therefore restricted to the
end results of the study, with the justification for the values recommended
being available in the respective scientific reports listed below:
GE-9500-ECS-SR-1	 "The Chemical Kinetics and the Composition of the
Earth's Atmosphere", by M. Bortner and R. Kummler,
Jul y , 1968.
GE-9500-ECS-SR-2 	 "Near-Earth Meteoroid Environment", by R. Sobe nnan
and S. Neste, October, 1968.
GE-9500-ECS -SR -3	 "Magnetosphere Environment" by T. Galbraith, November,
1968.
GE-9500-ECS -SR -4	 "Near-Earth Elfzctromagnetic Radiation Environment",
by J. Kaplan, December, 1968.
GE-9500-ECS-SR-5





	 "Solar Flare and Cosmic Ray Environment", by
T. Galbraith, December 1968.
GE-9500-ECS-SR-7
	 "On the Variation of Density at High Altitudes",
by D. Vachon, December, 1968.
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2.0	 METEOROID ENVIRONMENT
The recommended meteoroid flux as a function of mass is given
in Figure 2-1 along with an estimate of the uncertainty extremes.
The recommended estimate of the penetration depth as a function
of the penetrating particle flux is given in Figure 2 -2. It is
recommended that a listing of the characteristics of the major meteor
streams be included in the design criteria handbook ( NASA- TMX- 53798).
Such a listing is presented in Table 2-I and includes the meteor
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3.0	 RA T ` 1ATION E N VIRONMENT
3.1 Cosmic Radiation
It is recommended that the zosmic radiation section of
the design criteria handbook (D%-53521) be extended to include an
estimate of the cosmic radiation differential energy spectrum given
in Figure - 1.
3.2 Solar Flares
It is recommended that the solar flare section of both the
TMX -53521 and TMX -53798 handbooks be extended to provide a represen~s-
Lion of the time variations of the integral spectra giver in Figure 3 -2.
3.3 Trapped Radiation
From the viewpoint of design criteria the radiation environment
depiction of widest appeal appears to be the R- A mapping. Since the
radiation environment has a very pronounced time-space variation, it is
difficult to provide a meaningful pr-sentation for designers.. For example,
the radiation dose encountered b y two satellites with the same perigee and
apogee, but different inclinations, can differ by a substantial amount.
In general, the maximum particle flux is encountered over the
geomagnetic equator and quite often the design is based on assuming the
3-1
I-
maximum flux throughout the orbit. For preli.minar y design evaluations
this is perhaps a most acceptable procedure, and for such usage the
values given in Table 3-I should suffice. 	 It is noted that the values
given for the electron flux are for a time period of December 1968,
which is a period of high solar activity and thus reflect a high intensity
of electrons in the outer zone. For more general design usage, the R-,^,
maps given as Figures 3-3 through 3-7 provide sufficient definition of
the vertical variation of the flux to enable bracketing the optimum
altitude region for flight. Once the satellite orbital characteristics
are bracketed, the integrated particle flux can be defined using the
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PARTICLE INTENSITY FOR CIRCULAR ORBITAL ALTITUDE,
INCLINATION = 00
CIRCULAR PROTONS PROTONS ELECTRONS ELECTRONS
ORBITAL E > 4 ?V E >30 Me ^ E >0.5 Me J^ E > 5 MeV
ALTITUDE protons /cm day protons /cm day electrons/cm day electrons /cm2day
n.m. (1968) (LQ68)
150 105 <	 10 5 < t
300 4.57 x 104 2.88 x 104 2.67
	
x 10 5 8.4	 x LO 
450 2.49 x 107 1.01 x 107 4.91
	
x 108 1.19	 x L05
600 2.43 x 10 8 6.85 x 10 7 2.51	 x 10 10 1.73	 x 107
800 1.73 x 10 9 3.16 x 10 8 2.17	 x 10 11 3.03 x 108
1000 5.8 x 10 9 7 35 x 10 8 8.22
	
x 10 11 1.60 x 109
1250 1.61 x 10 10 1.22 x 10 9 1.49
	
x 10 13 6.65 x 109
1500 3.64 x IO IC 1.49 x 10 9 3.57	 x 10 12 1.31	 x 1010
1750 7.65 x 10 10 1.65 x 109 3.03 x 10 12 1.41
	 x 1010
2000 1.40 x 10 11 1.83 x 109 1.17
	
x 10 12 5.47
	
x 109
2500 2.5 x 10 11 1.49 x 109 1.79	 x LO 11 8.80 x 108
(3000 2.61 x 10 11 8.26 x 109 8.31	 x 10 10 4.04 x 108
4000 1.03 x 10 11 6.08 x 109 1.07
	
x 10 11 4.34 x 108
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Pie static diffusion model of the upper atmosphere contained
in MSA-TMX-53798 is preferred to the model used in NASA-TMX-53521.
Although the preferred model is seriousl y handicapped by the use of
an invariant boundary at 120 kilometers, the model is generall y quite
acceptable above 250 kilometers and below 1,000 kilometers. 	 It is
recommended that the model presented in NASA-TMX-53798 be accepted
for use as a design criteria pending future studies directed at
extending the model to include self-consistent variable boundary
conditions.
For preliminary design purposes, such as evaluating the
influence of atmospheric density on particular systems, the range
of var i ation of density likely to be experienced as a function of
time is quite useful. The range of variation of density can be
obta ned through use of the conditions associated with the maximum
and minimum of silar activity (Tables 4-I and 4-II).
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Table 4-I. Atmospheric Properties Associated with High Solar
Activity (from -acchia, 19115)
224
	
SMITHSONIAN CONTRIBUTIONS TO ASTROPHYSICS
	 VOL. I
TABLE. 1.-Detailed atnwspheric data am a function of hril;ht ind r:oephrnc ton1wraiury
EXOSPHERIC IEMPERATURE • 210 11 CEGRELS
HEISHT	 TEMP	 LOG N(C21
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/CP11
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73.5007	 11.0926	 7.3555	 26.1!
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4.7699	 8.4727	 6.7211	 2).18
	
9.6915	 8.3414	 6.7C29	 17.91
	
R.-h M	 d.21f6	 6.6415	 19.SS
	
8.S47R	 8.I91N	 6.6647	 19.22
	





4.7311	 1.7167	 1.6107	 14.33
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	 !.5593	 2.93t0	 17.59
	
8.0678	 7.2556	 1.5415	 2.9115	 17.17
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HR. 74 	 0.4816E-14	 -14.317
















.6 x .66	 0.2056E-15	 -15.687
1
1000.0	 2100.0	 3.2906	 6.7026	 4.P659	 6.2CC5	 2.P445	 13.10	 '79.15	 %140,0E-15	 -15.P10
4_2
Table 4-II. Atmospheric ^roperties Associated with Low
Solar Activities (from Jacchia, 1965)
NU. a	 STATIC DIFFUSION MODELS OF THE UPPER ATMOSPHERE	 25,i
TABLE 1.-Detailed atmospherie data as a function of height and exospherie temperature-Continued
EXOSPHERIC TEM P FRATURE = 650 CEGREFS
HEIGHT	 TEMP	 LCG 41021



























































LCG N101 LUG NIN21 LOG, 4(HF1 	 LOG NIHI	 ME AN
	
/CM3	 /GM?	 /CM3	 /CM3	 MO  MT
	
10.8808	 11.6021	 7.5?15	 26.90
	
10.5994	 11.1687	 7.4307	 26.23
	
10.3737	 10.8147	 7.3550	 25.53
	
10.1828	 10.5072	 7.2941	 24.82
	





















9.0659	 8.6151	 6.9874	 19.29
	
8.9445	 8.4740	 6.9522	 19.77
	
8.9244	 8.1951	 E.9215	 19.29
	
8.7055	 7.9878	 6.9913	 17.87
	
8.5876	 7.7819	 6.9615	 17.49
	
8.4704	 7.5773	 6.8319	 17.14
	
8.3539	 7.3737	 6.8C26	 16.83
	
9.2380	 7.1711	 6.77?4	 16.54
	
8.0078	 6.7683	 6.715E	 15.99
	
7.7793
	 6.3685	 6.65E4	 15.44
	
7.5524	 5.9714	 6.6C15	 14.83
	














6.6592	 4.4076	 6.3779	 10.91
	






6.0032	 3.2589	 6.2138	 5.e199	 7.07
	
























1.0211	 5.89?9	 5.7394	 3.28
	
4.5164	 ).6556	 5.8417	 5.7262
	 3.05
	




4.1024	 -0.0692	 5.7381	 5.7001	 2.73
	
3.8972	 -0.4296	 5.6867	 5.6972	 2.61
	
3.3892	 -1.3180	 5.5596	 5.6552	 2.38
	
2.8883	 -2.1950	 5.4343	 5.6236	 2.20
	
2.3 4 44	 -3.0599	 5.31C7	 5.5925	 2.04
	
1.9073	 -3.9128	 S.IBEB	 5.5618	 1.90
	





























































1000.0	 650.3	 -8.7181	 0.9529	 -5.5839	 4.95C0	 5.5017	 1.67	 443.29	 0.1124E-17	 -17.949
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5.0	 ELECTROMAGNETIC RADIATION
5.1 Solar Radiation, Criteria
The solar electromagnetic radiation spectrum shown in
Figure 5-1 should be used for the thermal design of space vehicles.
Because of the importance of the optical region, the spectral irradiance
for th_.c region is tabulated in Table 5-I. The recommended solar
constant for the various system conditions is shown in Table 5-II.
The tolerance associated with the solar constant is primarilv due to the
uncertainty as to its absolute magnitude and is not a time variational
effect. The time variation of the integrated solar irradiance is
shown in Figure 5-2.
5.2 Albedo Radiation Criteria
Using the available data, a mean latitudinal distribution has
been constructed and is shown in Figure 5-3. The recommended thermal
design criteria is given in Table 5-III.
	
In general, near-Earth orbiting
vehicles experience albedo effects for periods of 0.6 to 3 hours (albedo
flux considerat ns become much less significant with greater orbit
periods). For systems with a thermal constant between .3 and 3 hours,
the suggested tolerance includes the extreme "effective albedos" (as
determined by system thermal
particular orbit. Systems with small thermal time constants (<20 min.)
will respond quickly to variations in the albedo radiation. For this
case, the "effective albedo " approaches the measured albedo values, and
the tolerance approaches the extreme values of Figure 5-3. For systems
with thermal constants <3 hours, global and hemispherical values are of
prime importance. The tolerance includes data inaccuracies and a small
seasonal variation.
5.3 Earth Thermal Radiation
Assuming the earth-atmosphere system is in near radiative
equilibrium and a global albedo of 30%, the equivalent blackbody temper-
0
ature of the earth-atmosphere system is 254 K, corresponding to an out-
ward long-wave radiation flux of 0.34 cal cm -2min
-1 . A mean latitudinal
distribution is given in Figure 5-4. There are no seasonal variations
of the global or hemispheric averages of the outgoing long-wave earth
radiation. No statistically significant seasonal variations at particular
latitudes have been established either. The design values are given in
Table 5-IV. The discussion of the tolerances for the albedo apply here
as well. The small suggested tolerances (percentage-wise) reflect the
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Solar Spectral Irradiance (Based on Measurements on Board NASA 711 "Galilec"
at 38,000 feet) X--wavelength in microns; P), 	 -Solar Spectral Irradiance
averaged over small bandwidth centered at K , in watts cm -2micron 1 ; D), --
percentage of the Solar Constant associated with wavelengths shorter than
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Table 5-II. Design Criteria For Solar Constant
System Conditions	 Recommended Criteria
cal cm- 2min. -1 	watts m-2	 BTU ft 21, r-1
20 min < system thermal time
constant > 3 hrs.
System thermal time constant
< 20 min.
S,^stem thermal time constant
> 3 hrs.
	
1.95 + .03	 1359 + 21	 431 + 6.7
	
1.95 + .03	 1359 + 21	 431 + 6.7
	
1.95 + .03	 1359 + 21	 431 + 6.7
Table 5-III.
	
Design Criteria For Albedo
Systems Conditions 	 Recommended Criteria
^,^ ^
20 min < system thermal time constant > 3 hrs. 	 30 + 10
System thermal time constant < 20 min.
	 30 + 10
System thermal time constant > 3 hrs.
	 30 + 5
Table 5-IV. Design Criteria For Earth-Atmosphere Thermal Radiation
System Conditions	 Recommended Criteria
	
cal cm-2 min-I	watts m-2	 BTU ft -2 hr-I
0 min < system thermal time 	 .34 +:02	 235 +48 	 76 +466constant > 3 hrs.
system thermal time constant 	 . 34 +.04	 235 +28	 76 +9.2
< 20 min.	 -.14	 -97	 -32
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The total field strength at selected altitudes is presented in
Figure 6-1 through to 6-7 and was obtained using the NASA-GSFC
coefficients published in May 1968. For those instances where additional
information is required, such as the component variations, dip angles,
etc., it is recommended that use be made of the computerized version of
the geomagnetic field contained in: "NASA -GSFC - Data Users Note -
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